OBJECTIVE: The purpose of our study was to assess the relationship between nutrient intake, partitioning of food intake, parents' overweight and adiposity in a group of children. SUBJECTS: 530 7 ± 11-year-old children: 278 males, 252 females. METHODS: Energy intake, nutrient intake and percentage distribution of the intake of energy among the different meals were assessed by means of diet history. Body composition was obtained by measuring skinfold thickness. RESULTS: We identi®ed the relationship between the children's adiposity and their parents' body mass index (BMI) mother: r 0.12, P`0.01; father: r 0.13; P`0.01), carbohydrate (r 7 0.15, P`0.001) and fat intake (r 0.14, P`0.002), and the proportion of energy taken at dinner (r 0.1, P`0.05). A multiple regression analysis was run with a stepwise procedure using relative adiposity as the dependent variable and parents' BMI, dinner intake (percentage of energy intake), EIaBMR ratio (an index of energy intake validity), and sex (dummy variable) as independent variables. All the independent variables, except percentage of fat intake, were included in the ®nal model. The equation was able to explain % 19% (R 0.44, P`0.001) of inter-individual fat mass percentage variability. CONCLUSIONS: Diet composition did not contribute to explain the children's adiposity when the parents' overweight (BMI) was taken into account. However, the percentage distribution of the intake of energy among the different meals, particularly at dinner, contributed to explain inter-individual variance of fatness in children of both sexes.
Introduction
There is a high prevalence of childhood obesity in industrialized countries, which is constantly rising. 1 Moreover, a large number ( % 30 ± 60%) of obese children maintain their obesity into adulthood, 2 when the risk of obesity-associated morbidity is much higher. 3 Individual psycho-physical consequences, together with the high socio-economic costs of obesity, suggest that serious interventions to contain the obesity epidemic have to be planned. 4 Both treatment and prevention of childhood obesity should, directly or indirectly, affect the energy balance equation, that is energy intake andaor energy expenditure. The association between a sedentary lifestyle and obesity suggests the need to increase the mean level of physical activity in children by reducing inactivity, TV viewing in particular, and increasing participation in sports and programmed activities. 5 ± 8 As regards energy intake, cross-sectional and longitudinal studies have reported a certain degree of association between diet composition, particularly fat intake, and childhood obesity. 9 ± 11 Moreover, the energy density of food has been shown to play a major role in appetite regulation. 12 ± 14 Another factor which can potentially in¯uence the pathogenesis of overweight is the distribution of energy intake among the different meals of the day. 15 Therefore, the purposes of this study were to assess in a group of children: (1) the energy and nutrient intake and the partitioning of food intake for the different meals; and (2) the relationships between nutrient intake, partitioning of food intake and adiposity.
Materials and methods

Subjects
A sample of 735 children, from 7 to 11 years of age, living in north-east Italy, was recruited for a survey taken to assess the prevalence of childhood obesity, as well as to identify nutritional and social risk factors associated with obesity in this geographical area. 16, 17 Selection of sampling areas and participant inclusion has been described previously. 16 Brie¯y, children living in six areas in the north-eastern part of Italy were selected, and a number of school districts within each area were chosen to obtain a representative sample of children with different socio-economic backgrounds and environmental conditions. A small number of children with serious chronic diseases were excluded. Each child underwent a physical examination by paediatricians who took anthropometric measurements. The parents of each child gave their informed consent for the child to participate in the study.
Among the 735 children recruited for the study, 52 were excluded due to missing data. To reduce the risk of not using valid energy intake data, we used an arbitrary criterion for selecting a sub-sample from the 623 remaining subjects to include in the statistical analysis. To avoid relevant under-or overestimation of the energy intake data, only 530 children with energy intakeaestimated basal metabolic rate ratios (EIaBMR) between 1.4 and 2.8 were included. Predicted BMR was calculated by means of two formulae speci®c to children 18, 19 using height, weight, sex and age as independent variables: children under 10 years of age 18 BMR kJaday
children over 10 years of age 19 BMR kJaday 50X2 Ã weight kg 29X6 Ã height
The cut-off points for the EIaBMR ratio were decided arbitrarily. In particular, we used the mean total energy expenditure(TEE) and resting energyexpenditure(REE) values measured in 10-y-old children by DeLany et al 20 as a reference, as well as the mean energy intake by diet history (DH)aTEE ratio values published by Livingstone et al 21 to calculate the lowest and highest EIaBMR values by means of these formulae:
DHaTEEamean REE À 2SD REE The lowest EIaBMR value corresponded to the ratio between the lowest TEE divided by the highest REE, multiplied by the lowest DHaTEE (that is the highest underestimation of EI by diet history). On the contrary, the highest EIaBMR value corresponded to the ratio between the highest TEE divided by the lowest REE, multiplied by the highest DHaTEE.
In Table 1 we show the mean values for age, percentage fat, mass, weight predicted for height, (RBW%) parents' BMI and sex distribution of the children included in the statistical anlaysis and those excluded from the analysis. No statistical differences were found between the two groups for each of the variables analysed.
We report the descriptive data and results of the statistical analyses for 530 children, of which 278 were males and 252 females.
Physical characteristics
Measurements of height, weight, and triceps and subscapular skinfolds were carried out in fasting conditions ( Table 2) . Body weight to the nearest 0.5 kg was determined on standard physician's beam scales with the child wearing only underwear and no shoes. Height was measured to the nearest 0.5 cm on standardized, wall-mounted height boards according to the following protocol: no shoes, heels together, 
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Food intake and childhood obesity C Maffeis et al child's heels, buttocks, shoulders, and head touching the vertical wall surface with line of sight aligned horizontally. Body mass index (BMI) was calculated by dividing weight by height squared (kgam) 2 . Each of the standard physician's beam scales and wallmounted height boards utilized to measure the children were previously calibrated, utilizing three different weights and one reference tape. Skinfold thickness was measured to the nearest mm in triplicate with a Harpenden skinfold calliper (CMS Weighting Equipment Ltd, London, UK). The triceps skinfold was measured half way between the acromion and olecranon on the back of the arm with the elbow bent, while the subscapular skinfold was measured just below the tip of the scapula. Readings were performed 3 s after the calliper jaws were released. In the present analysis, we used the mean of right-and left-sided measurements for each skinfold. Lohman's formulae were used to estimate relative body fat mass, based on the measurement of triceps and subscapular skinfolds. 22 Fat-free mass (FFM) was calculated by subtracting body fat from body weight. Body fat mass (FM) was obtained by multiplying the percentage of body fat by body weight. Children were de®ned as obese when their RBW% was higher than 120%, and overweight when their RBW% was between 110% and 120%. In accordance with the guidelines approved at the Italian Consensus Conference on obesity, 23 Tanner's growth tables were utilized to calculate the RBW% of each child. 24 Self-reported height and weight of the parents were used to calculate their BMI. We used self-reported weight and height to calculate BMI (kgam 2 ) of both parents, because self-reported weight and height are generally reliable in adults. 25 Parents were de®ned to be obese, overweight and normalweight, respectively, when their BMI was higher than 30, between 25 and 30, and lower than 25.
Diet history
Usual weekly meal and snack intakes were determined through an inverview with mothers and children. 26 Information regarding portion size, food preparation and place of consumption was also requested. As an aid to determining the amount of food consumed, pictures of different food items were shown, along with cups, glasses, spoons and food shapes of different portion sizes. The dietitian assessed food intake at school by reviewing a typical week's menu with the children and asking them to indicate which and how much of these meals they usually ate. Meals, snacks, portion size and frequency of eating were recorded on a standard form. Food energy values were calculated from tables of food comparison set out by the Italian Institute of Nutrition with the use of a computerized database and analysis program (Contrali, Dietosystem, Milan, Italy). 27 All interviews were conducted by the same dietitian.
Statistical analysis
All results are presented as mean and standard error of the mean (s.e.m.). Relationships between relative adiposity (percentage fat mass) and the proportion of energy intake at different times of the day, father's and mother's BMI, diet composition (expressed as a proportion of daily energy intake covered by each macronutrient), and the EIaBMR ratio were assessed by Pearson product moment linear correlation in the total sample and in the two sexes separately. A multiple regression analysis (stepwise procedure) was run using relative adiposity as the dependent variable and parents' BMI, energy intake at dinner (expressed as a percentage of total daily energy intake), EIaBMR ratio, and sex (dummy variable: M 0, F 1) as independent variables. The Kruskal ± Wallis test was used to compare percentage fat mass, skinfold thickness and RBW% among six groups of children selected on the basis of their parents' body size (obese, overweight, normalweight). A Statview 4.5 software, Abacus Concept Inc., USA, statistical package was used. A probability level of P`0.05 was used to indicate statistical signi®cance.
Results
Fifteen percent of the children were found to be obese, and 15% were overweight. Nine percent of the fathers and 13% of the mothers were obese. Seventeen percent of the fathers and 41% of the mothers were overweight.
Energy intake, diet composition, and energy intake distribution among the different meals of males and females are shown in Tables 3 and 4 . Males showed a higher energy intake than females. Males ate more energy at breakfast, lunch, dinner, and after dinner, whereas energy intake with morning and afternoon snack was not signi®cantly different between genders. When expressed as a percentage of total energy intake, the partitioning of energy among the different meals was not different in the two groups, except for the afternoon snack, where it was slightly lower in males than in females. Diet composition was signi®-cantly different between the two sexes. Males had higher carbohydrate and lower fat intake than females. In the total sample, relative adiposity (FM%) showed signi®cant relationships with carbohydrate and fat intake, parents' BMI, and breakfast, dinner and after-dinner snack intake (Table 5 ). In males, relationships were found between body fat mass percentage and carbohydrate intake, and dinner and after-dinner snack energy intake. In females, relationships were found between body fat mass percentage and parents' BMI and EIaBMR ratio. The distribution of energy intake among the different meals showed a signi®cant correlation between the meals, especially between dinner and afternoon snack, as well as between dinner and after-dinner snack, in both sexes (Table 6) .
A multiple regression analysis with a stepwise procedure was run using relative adiposity as the dependent variable and parents' BMI, fat intake (percentage of total intake), dinner intake (percentage of total energy intake), EIaBMR ratio, and sex (dummy variable) as independent variables. All the independent variables, except fat intake percentage, were included in the ®nal model and accounted for % 19% of the fat mass percent (FM%) variability (Table 7) . Parents' BMI explained % 3% of the children's fat mass percentage variability in addition to that explained by sex and EIaBMR ratio ( % 14%; r 0.377). Percentage of energy intake at dinner covered an additional % 2%.
Discussion
The results of this study showed that relative adiposity in 7 ± 11-y-old children, adjusted for gender and the EIaBMR ratio (a gross index of validity of selfreported energy intake), was mainly associated with parents' adiposity (BMI) and the proportion of daily energy intake ingested at dinner.
Parents obesity explained by itself % 3% of the interindividual variability explained by the ®nal model of the multiple regression equation. The relationship between parents' BMI and the relative adiposity of their children is not surprising (Table 8) . Parental obesity is the most important risk factor for childhood obesity. 17, 28, 29 Parental effect is partly due to genetic components, but also to several environmental Table 5 Simple correlations between children's adiposity (percentage fat mass) and nutrient intake, percentage distribution of the energy intake among the different meals, EIapredicted BMR ratio, and parents' BMI
Males
Females Total (n 278) (n 252) (n 530) r r r Protein (% energy intake) 0.07 0.06 0.07 Carbohydrate (% energy intake) 7 0.13* 7 0.10 7 0.15** Fat (% energy intake) 0.12* 0.09 0.14** Breakfast (% energy intake) 7 0.11 7 0.07 7 0.11* Morning snack (% energy intake) 7 0.07 7 0. 0.08 0.19** 0.13** *P`0.05; **P`0.01; ***P`0.001. Food intake and childhood obesity C Maffeis et al factors, such as the lifestyle and nutritional habits of the family, parental food preferences and attitudes and the behavior of parents and siblings. 30, 31 The relationship between the fat intake and adiposity of parents and the fat intake and adiposity of their children has recently been shown. 32 The results of our study indirectly support this ®nding. In fact, children's fat intake, expressed as a proportion of total daily intake, was associated with their level of adiposity. This relationship disappeared when the parent's BMIs were included among the independent variables in the multiple regression analysis. Therefore, diet composition did not have an independent effect on children's adiposity, but its in¯uence was included in the comprehensive effect of parents' BMI, which was a stronger risk factor for obesity than diet composition alone.
The second ®nding of our study was the signi®cant association between the partitioning of daily energy intake among the different meals and the degree of adiposity in children of both sexes. The proportion of total daily energy intake consumed with each meal was predictably correlated with the energy taken with other meals. In both sexes, the strongest association was found between fat mass percentage and energy intake at dinner. The in¯uence of dinner energy intake was independent of diet composition and parental adiposity and contributed to explain % 2% of children's fat mass percentage variability predicted by the multiple regression analysis ®nal equation. Therefore, a high energy intake at dinner was an independent risk factor of obesity in this sample of children. After dinner children are usually physically inactive, because the most common activities performed between dinner and sleeping are watching TV, reading, studying, playing with a computer, etc. Therefore, after dinner, the energy taken with food is mainly stored in the body. Low rates of physical activity after dinner promote energy saving because of the low energy expenditure for physical activity and the lower meal-induced thermogenesis. In fact, studies performed on adults have shown that meal-induced thermogenesis is signi®cantly higher when a meal is followed by exercise. 33 Nutrient metabolism is affected by both food intake and exercise. After a mixed meal, carbohydrate intake promotes carbohydrate oxidation and storage, since carbohydrate intake stimulates carbohydrate oxidation. 34, 35 On the contrary, fat intake is preferentially stored, because fat intake does not stimulate fat oxidation. 34, 35 Exercise is able to increase both energy expenditure and nutrient oxidation, mainly carbohydrate and fat oxidation. 36 Therefore, after dinner, a low level of physical activity may theoretically promote fat storage.
We cannot know if the higher proportion of daily energy intake at dinner is a cause or a consequence of gained adiposity. Evidence exists that adiposity affects nutrient balance, nutrient oxidation in particular, and appetite regulation. 35, 37 However, because of the cross-sectional nature of this study, cause-andeffect relationships are not warranted.
Finally, caution is necessary in evaluating the interesting association between dinner energy intake and adiposity in children. In fact, this result needs to be con®rmed through studies performed on different populations. Socio-cultural factors characteristic of the Italian population may contribute to explaining this ®nding, which cannot be found in other sociocultural situations. In Italy, dinner is usually the only meal where the family is together and, for the majority of the family members, it is the main meal of the entire day. Therefore, it is reasonable to assume that at dinner the energy intake may be relatively high. Other European populations, such as the French, show similar habits. 15 An extensive survey conducted in Sweden showed that percentage distribution of the intake of energy among the different meals was different from that of this study, with lower intake at dinner (24%) and higher intake in the afternoon and after dinner ( b 21%). 38 Interestingly, the prevalence of obesity in Swedish children is lower than that in Italian children. 39 In conclusion, percentage distribution of energy intake among the different meals, particularly at dinner, contributed to explaining the inter-individual variability of fatness in children. This relationship needs to be con®rmed through longitudinal studies designed to explore eating patterns in pre-obese children. Kruskal ± Wallis test: *P`0.05; **P`0.001.
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